Past research has found a high prevalence of neuropsychological deficits and neurological soft signs in patients with obsessive-compulsive disorder (OCD). A close relationship between OCD and depression has also been indicated in the literature. However, many aspects of this association remain unclear. In this study we compared neuropsychological functioning and neurological soft signs of 46 OCD patients who were off psychotropic medication (21 with significant depressive symptoms and 25 without) with 25 non-patient comparison subjects. The patients were matched to the comparison group with regard to age, sex, education, marital status and handedness. There were significant differences between OCD patients and the non-patient comparison group on neuropsychological functioning but not on neurological soft signs. As far as working memory concerns there was a significant difference between the OCD depressed and nondepressed groups. But we found no evidence that the neuropsychological functions such as cognitive flexibility, problem solving and spatial perception in OCD to be attributable to comorbid depression. The pattern of neuropsychological deficits in this sample of OCD patients is suggestive of orbito-frontal as well as dorso-lateral prefrontal cortical dysfunction.
Introduction
Obsessive-compulsive disorder (OCD) is a disabling condition characterized by recurrent intrusive thoughts (obsessions) or impulsive, and repetitive, irresistible and often ritualized behaviors (compulsions), which serve to prevent anxiety and distress or to neutralize the obsessions [1, 2] . There has been a growing interest in the organic basis of OCD [3] . Neuroimaging and neurosurgical studies of OCD point to abnormalities in cortical-striatal-thalamic circuits. Specifically, orbito-frontal and anterior cingulate regions have been implicated in this disorder [4] [5] [6] [7] [8] [9] . Harkening back to these findings, Savage [10] proposed that neuropsychological impairment in OCD be regarded as an intermediate phenomenon linking brain dysfunctions with clinical symptomatology. In this paradigm, the fronto-striatal dysfunction causes impairment in executive functions. Past studies of executive functions in adults with OCD have identified difficulties in planning and organization, inflexibility, and impaired response inhibition [11] [12] [13] [14] [15] [16] . The inhibitory failures in OCD patients are consistent with lateral orbito-frontal dysfunction. Set-shifting is classically regarded as a distinct cognitive function based on inhibition, which have been attributed to dorso-lateral prefrontal cortex. As has been indicated in the literature orbito-frontal cortex is more important in response inhibition whereas dorsolateral prefrontal cortex plays an important role in set shifting [17] .
The results of the studies investigating neurological deficits in patients with OCD have similarly shown great variability. Schilder [18] reported subtle neurological abnormalities in only about one-third of OCD patients. Similar subtle or "soft" neurological signs were reported in subgroups of patients by Conde et al., [19] and Hollander et al., [20] . These include abnormalities in fine motor coordination, voluntary and mirror movements, and visual and spatial dysfunction. Increased neurological soft signs were associated with greater symptom se-verity, increased ventricular size and visual spatial dysfunction. Soft signs also correlated positively with impairment of visual memory and negatively with a measure of set-switching. Although soft signs are non-localizing abnormalities, choreiform movements are consistent with basal ganglia dysfunction and spatial deficits are consistent with right-hemispheric dysfunction [19, 20] .
A complicating factor in delineation of the specific neuropsychological and neurological deficits of OCD is the high prevalence of comorbid psychiatric conditions often associated with significant deficits, in particular depression. Recent comorbidity studies indicate that as many as 75% of adults [21] and 52% of children [22] with OCD have a history of major depressive episodes [23] . These figures have led some to suggest that OCD be regarded a variant of affective illnesses [24] . Furthermore, it has been indicated that depressive symptomatology is associated with executive function, visual organization and other neuropsychological deficits [25] [26] [27] [28] [29] .
There is also some evidence for an association between neurological soft signs in OCD and depression. For example, in one study [30] there was a significant difference between OCD patients with depression and control subjects regarding the presence and type of neurological signs. Several differences ceased to be significant after adjusting for major depressive disorder and the use of major tranquillizers. However, motor sequencing and the "other" sub-scales of the Neurological Evaluation Scale (NES) [31] remained significantly different even after adjusting for depression and medication use. Motor sequencing is dependent on an intact frontal-striatal circuitry and a number of the NES "other" measures (such as gaze impersistence and primitive reflexes) rely on subcortical-frontal integrity [32] .
Taken together, the results of these studies raise the possibility that executive function deficits and neurological soft signs found in OCD patients may be attributable in part to comorbid depression. In view of the high prevalence of comorbid depression in OCD, there is a need to further examine the contribution of depression to neuropsychological and neurological deficits of OCD in medication-free patient groups. Moving in this direction not only may help us to develop a new conceptualization of the nature, psychopathology and symptomatology of OCD and/or depression, but new findings may provide us with some criteria useful for diagnosis and treatment.
We report the results of a study comparing the neuropsychological and neurological profiles of a sample of medication-free OCD patients with a non-patient comparison group. Our main question concerns the examination of the role of comorbid depression by comparing the neuropsychological and neurological profiles of subgroups of OCD patients with and without significant depressive symptoms.
Method

Participants
Forty-six Iranian patients meeting the DSM-IV [1] criteria for OCD were included in this study. All patients were off all psychotropic medication for at least 1 month. Patients and control subjects received a standardized clinical interview (semi-structural format for DSM-IV), and completed clinical scales in three different sessions. Exclusion criteria for patients included co-occurring psychiatric disorders, substance abuse, history of a psychotic episode, alcohol dependence, head injury, serious medical conditions or neurological disorder.
Assessments
All diagnoses were confirmed by a clinical psychologist and/or psychiatrist. OCD patients were compared with 25 healthy control subjects matched for gender, handedness, age and education. The Raven Advanced Progressive Matrices [33, 34] was used in this study for the purpose of excluding subjects with low IQ (i.e. below than 80) from our samples. Patients were recruited from consecutive referrals to the Psychiatric Clinic of Roozbeh Hospital (a nationally well-known psychiatric and clinical psychology center), Tehran, Iran. Control subjects were recruited through advertising within the hospital (staff and the community) and none was related to the OCD patients. Control subjects were not taking any psychiatric medications and were free of any psychiatric disorder, neurologic disorder, or other significant medical illnesses. Written informed consent was obtained from each subject. Table 1 summarizes the demographic characteristics of the sample. The time frame in which the subjects were recruited and assessed was about six months (starting from July 2009).
Edinburgh Handedness Inventory (EHI) [35] was used to assess handedness. Participants indicated their preference for using the right or left hand for various activities including writing, drawing, striking a match, and opening a box lid. The handedness score is calculated by adding all the scores for the right-hand, subtracting the scores for the left hand, and multiplying by 10. In this study there was not any significant difference between groups in handedness (OCD-depressed group [M = 84. 
Symptom Measures
Beck Depression Inventory-Revised (BDI-II) [36] is a measure of severity of depression. Originally introduced in 1960s [37] , BDI-II was revised to approximate the DSM-IV criteria for major depression [36] . BDI-II was translated into Persian by our group and shown to have excellent internal consistency (Cronbach's alpha= 0.87) and 1 -2 week test-retest reliability (r = 0.73) [38] . BDI-II-Persian contains 21 items, each with a series of four statements describing the severity of depressive symptoms over the past two weeks on a Likert scale from absent to mild (= 0) to severe (= 3). Total score is computed by summing the item scores (range = 0 to 63).
Maudsley Obsessional-Compulsive Inventory (MOCI) is a 30-item true-false questionnaire for assessment of obsessive and compulsive symptoms, developed by Hodgson and Rachman [39] . Maximum scores for the five scales (checking, washing, slowness-repetition, and doubtingconscientious) and total are 9, 11, 7 and 7, 30, respectively. (Some items contribute to more than one subscale; therefore the total score is less than the sum of subscale scores). This inventory was found to have adequate validity and reliability [40] and its Persian translation is widely used [41] [42] [43] . Studies on clinical samples have demonstrated good internal consistency for the total MOCI score as well as for the subscales, ranging from 0.60 to 0.87 [44] .
Compulsive Activity Checklist (CAC) [45] was originally a 62-item compulsive symptoms inventory describing specific daily activities rated on a 4-point scale of severity. We used a French version of CAC, which is an abbreviated form of the instrument and contains 19 items centered mainly on checking behavior and rituals [46] . The scores range from 0 to 57. Different versions of CAC have demonstrated good internal consistency, ranging from 0.78 to 0.95 [43] . This test has been translated into Persian and used in our previous studies in Iran [41] [42] [43] .
Neuropsychological Assessments
Wisconsin Card Sorting Test (WCST) [47] is one of the most widely used tasks to assess the executive function of set shifting. Subjects are asked to sort a deck of cards according to three perceptual categories represented by four "Key" cards. OCD patients have demonstrated deficit in WCST performance in previous studies [47, 12] . Three performance indexes were scored: categories, total errors, and perseverative errors [48] .
Tower of Hanoi (TOH) [49] is the task most commonly applied to assess problem solving and planning ability [50] . TOH is a disk transfer task that requires subjects to work out a sequence of spatially controlled moves in an attempt to reach the state of disk organization. The TOH is generally recognized to be sensitive to frontal lobe dysfunction [51] .
The WAIS Block Design Subtest (BD) [52] is a measure of visuospatial and visuoconstructional ability. In past research, OCD subjects have performed worse than control subjects on this subtest [53, 54] .
Wechsler Memory Scale (WMS) [55, 56] is a test of memory comprised of seven subtests: Personal and Current Information, Orientation, Mental Control, Logical Memory, Digits Forward and Backward, Visual Reproduction, and Associate Learning. WMS has been translated into Persian and is commonly used in Iranian samples [56] .
Neurological Assessments
Neurological Evaluation Scale (NES) [31] comprises 26 items designed to assess three functional areas: sensory integration, motor coordination, and sequencing of complex motor acts. In addition, short-term memory, frontal release signs, and eye movement abnormalities are included in an "others" category. The total score and scores for each of the four subscales were used in the study as measures of severity of neurological impairment. The inter-rater reliability (intra-class correlation coefficient) for the subscale scores and the total score ranged from 0.63 (for motor coordination) to 0.99 (for sensory integration). The NES items are presented in a fixed order and all but two items are scored on a three-point scale (0, no abnormality; 1, mild but definite impairment; 2, marked impairment). The "suck" and "snout" reflexes are scored 0 or 2. Total scores are calculated for each of the three domains, the tests in the "other category" and overall functioning.
Procedure
All measures were administrated and scored by trained examiners, blind to group membership. The entire battery (paper and pencil method) was administrated in three sessions each lasting 1 -2 hours. Each subject first completed the questionnaires and then the neuropsychological tests were administered in a randomized order on the same day. Finally, all subjects were examined for neurological soft signs after 2 or 3 days.
Data Analysis
We divided the OCD patients into the depressed and nondepressed groups, based on their scores on the BDI-II. We used the scores of greater than 20, identified by Beck and colleagues [37] as indicating moderate, severe or very severe depression as the cut-off point for depression in this study, thus excluding mild depression that is common in OCD patients from the depressed group. Differences between the OCD group and the comparison group on demographic characteristics were examined using t-tests for the continuous variable of age and  each other and the comparison group using analysis of variance (ANOVA) and post-hoc Tukey tests. We further compared the WMS subscales and the NES using the non-parametric Kruskal-Wallis tests. All analyses were conducted in SPSS, version 10. A p < 0.05 was considered statistically significant.
Results
The socio-demographic characteristics of the OCD patients and the comparison group are presented in Table 1 . Matching was successful in making the patient and comparison groups similar with regard to sex, age, education, handedness and marital status as there were no statistically significant differences across groups on these characteristics.
Comparing the depressed and non-depressed OCD groups with the comparison group revealed significant differences between the depressed and non-depressed OCD patients on total Table 2) . OCD patients with significant depressive symptoms (scores greater than 20 in BDI-II) had more severe OCD symptoms than OCD patients without depressive symptoms (scores less than 20 in BDI-II). There was a significant difference between OCD depressed and nondepressed patients regarding the total score of WMS [(F, 2,68) = 15.80, p < 0.001]. However, there were no statistically significant differences across the two subgroups of OCD patients on the other neuropsychological functions and neurological tests as shown in Table 2 .
ANOVA analysis as well as Kruskal-Wallis Test for the subscales of WMS and NES are presented in Tables  3 and 4 .
There was a significant difference [F (2,68) = 16.8, P < 0.001] between OCD group (WMS-score = 93) in general and the comparison groups (WMS-score = 110). In our further analysis using ANOVA and Kruskal Wallis Test (Tables 3 and 4) the following results have been obtained: 1) there was not any significant difference between different groups in terms of orientation and visual reproduction; but 2) the means for comparison group on the subscales of mental control (Mean = 7.28; SD = 1.72), logical memory (Mean = 10.12; SD = 3.00), digit forward and backward (Mean = 10.88; SD = 1.30) and associate learning (Mean = 16.52; SD = 2.96), were higher than OCD-depressed and non-depressed groups; and 3) on the subscales of information (Mean = 6.00; SD = 0.00) and Table 1 . Socio-demographic characteristics of the groups. 
Discussion
Integrating the neurological, cognitive and clinical findings, we propose that OCD may be recognized in terms of orbitofrontal loop dysfunction and those failures in cognitive and behavioral inhibitory processes appear to be under many of the symptoms and neurocognitive findings.
Neuropsychology
In this sample of Iranian OCD patients, we found significant neuropsychological deficits compared to a matched non-patient comparison group. The differences between OCD patients and the comparison group on set shifting abilities (measured by WCST), problem solving and planning abilities (measured by TOH), visuospatial abilities (measured by Block Design), and memory (measured by WMS) were statistically significant. Deficit in cognitive flexibility in OCD has long been recognized [57] . Evans et al., [58] have argued that setshifting and flexibility not only require the ability of the individual to attend to a new or different stimulus dimension, but also to inhibit responding to the previously acquired rules. Patients with focal lesions to the orbitofrontal cortex are impaired on probabilistic behavioral tasks, which use the same cognitive abilities as the behavioral reversals needed on some of the inhibitory setshifting tasks [59] . Therefore, inhibitory failures arising from dysfunction in the orbito-frontal cortex are likely to be important in mediating the set-shifting deficits reported in OCD patients [17] . Deficits in the functions such as mental control, cognitive flexibility and abstraction in OCD patients, have been supported by earlier research [12, 47, [60] [61] [62] . All the findings agree on the presence of a fronto-cortical dysfunction in OCD. Recent brain imaging studies have documented aberrant hyperactivity of pathways involving the orbito-frontal cortex, the caudate nucleus, and the anterior cingulated cortex in OCD [63] . However, since performance on the WCST seems to be most affected by lesions in the dorso-lateral prefrontal cortex [64, 65] , it is important to bear in mind that reduction of set shifting impairment to the dysfunction of a single brain region is an over-simplification. We also found a distinction between OCD patients and the non-patient comparison group in problem solving and planning. These deficits suggest a specific motor slowing in OCD patients which may result from deficits of spatial working memory, making it difficult to keep an action plan in memory. Another possibility is that OCD patients' poor performance on such tasks as TOH is secondary to perseverative tendencies which lead to repeating errors before finding the correct solution. Further investigations are needed to elucidate the potential roles of speed and spatial working memory in the performance of OCD patients on tasks assessing planning ability [66] .
Visuospatial dysfunction in OCD patients has been found in several studies [45, 54] . In our study we found significant differences between the OCD and the nonpatient comparison group in this ability as measured by the Block Design Test. However, it is possible that the observed deficit on this test results from complex interactions between several cognitive functions rather than an elementary visuospatial processing impairment. Although neuropsychological testing has revealed evidence of impairment in visuospatial abilities, non-verbal memory and executive function results of the neuropsychological studies have been inconsistent [29] . This is an important caveat in interpreting past research as many neuropsychological tests involve a combination of several elementary functions and cannot be reduced to a single cognitive function [67] .
The possible contribution of memory deficits to OCD psychopathology has received much recent attention [17] . The OCD patients in our study performed worse than the comparison group on most WMS subscales. Evidence from recent studies suggests that memory dysfunction in OCD patients may be partly attributable to an inability to apply efficiently elaborated and organizational cognitive strategies [68, 69] .
The Role of Depression
Consistent with past research we found that a large proportion of OCD patients were moderately or severely depressed based on BDI-II scores. The OCD patients with comorbid depression had more severe obsessive and compulsive symptoms as measured by MOCI (total, slowness, and washing subscales) and the CAC scale. The means for MOCI total score and the slowness, and washing subscales were different at a statistically significant level between the OCD-depressed and OCD nondepressed groups. However, the differences between these two patient groups were not significant in the case of checking and doubting subscales. Jenike [70] had suggested that OCD checkers may be suffering from pathology that differs in mechanism from other OCD types. Although in our study, checking as a subscale of MOCI could differentiate OCD sample in general from normal sample, there was not any significant difference between OCD depressed and OCD non-depressed in this sub-scale. The same rationale may be true in the case of doubting. As Stein [71] suggests we may assume a range of different kinds of OCD involving different kinds of mechanism. We need, however, more data to explain such a difference between OCD depressed and non-depressed sample.
There was a significant difference between OCD-depressed and OCD-non-depressed patients regarding WMS. However, there were no statistically significant differences across the two subgroups of OCD patients on the other neuropsychological as well as neurological functions.
Regarding the role of depression in neuropsychological aspects of OCD, it is possible that memory biases for threat-related information result from comorbid depression [72, 73] . That is, because depression is associated with memory biases for negative information [74] , OCD patients with comorbid depression may be responsible for overall group differences meaning that memory biases may be largely absent in those with pure OCD. Furthermore, it has been found that executive function deficits among patients with OCD are associated with comorbid depressive symptoms [26] [27] [28] and have a negative impact on OCD patients' cognitive functioning [75, 76] . Also, the presence of comorbid depressive symptoms in OCD may deepen the executive dysfunction [28] . Future research needs to determine the degree to which cognitive effects, such as memory biases and executive functions, are unique to OCD versus the result of shared variance with depression.
The lack of significant differences in some neuropsychological measures between two groups of depressed OCD and non depressed OCD patients in our study may be related to our matching mechanism on the one hand and possible different neurocognitive processes in the brain, on the other. Neuropsychological assessments in OCD patients always call for careful attention to the potential impact of comorbid depressive symptoms on cognitive abilities. Similarly, impairment of neurocognitive functioning can be secondary to several neurobiological and neurological parameters. Further investigations using more detailed analyses suggest a positive correlation, namely with a neuropsychological deficits. As such, our findings are at variance with past research which reported an association between depressive symptoms and neuropsychological deficits in OCD patients [26, 27] , and suggest that these neuropsychological deficits may be genuinely related to the OCD psychopathology. A further complication comes from studies e.g. [77] which propose the notion of increased serotonin transporter functioning being pathogenically involved in OCD and support the explanation of using SSRI's in the treatment of both OCD and depression. But extending such results to a neuropsychological domain requires more experimental and clinical work.
Given the structural and functional abnormalities in orbito-frontal cortex and dorso-lateral prefrontal, it is logical to hypothesis that OCD patients would show impaired performance on neurocognitive tasks sub-served by these brain regions. The neuropsychological tests have facilitated the profiling of abnormalities in a diverse array of psychiatric and neurological disorders. Modern cognitive tests allow for hypothesis-driven dissection of different domains of cognition, and can be utilized in patients with focal neurosurgical lesions and in conjunction with brain imaging techniques, facilitating the identification of neural substrates of task performance [17] .
In summary, this study found significant neuropsychological deficits in the sample of Iranian OCD patients. One of the strong characteristics of this study is that all of the patients were off medication. These deficits may or may not be attributable to comorbid depression, although patients with comorbid depression presented more severe OCD symptoms. The finding of greater severity of OCD symptomatology in the OCD plus depression group compared to OCD without depression group raises the possibility of confounding due to severity of OCD symptoms. However, the direction of results argues against such confounding as patients with OCD plus depression did not present more severe neuropsychological (except WMS) or neurological deficits compared to patient with OCD without depression. Had severity of OCD symptoms been a confounder of the association of depression and neuropsychological deficits we would have expected to find a greater degree of neuropsychological deficits in the OCD plus depression group compared with the OCD without comorbid depression group.
One of the limitations of the present study was the use of BDI-II scores to separate depressed from non-depressed groups. We chose the scores of greater than 20 on BDI-II as a cut-off point as has been suggested by Blackburn [78] for moderate, severe, and very severe depression. Future research needs to use both structured clinical interview and BDI-II scores in identifying the depressed subgroup. Another limitation is related to the possible relationship between educational level and cognitive abilities. We don't have enough data to support or reject such a possibility. The best way in this regard is to control the educational level of all participants which is not always an easy task in some cultures.
It would be difficult to conclude a specific and straightforward relationship between different areas of the brain and the functions measured by some tests and tasks based on our findings at this stage of work. Substantial evidence has been gathered concerning the biological and cognitive foundations of OCD, but our task is far from complete. Functional neuroimaging has implicated the orbitofrontal cortex, basal ganglia, and thalamus in expression of OCD. Neuropsychological studies have highlighted impairments in cognitive set shifting, hyperactivation of attentional systems, and visuospatial deficits. It can be concluded that a greater emphasis on methodological consistency and as integration of results from neuroimaging and neuropsychological testing will be critical before such account can be possible.
It seems the success of any medical and psychological interventions in the future depends on new findings that will shed light on the very nature of the relation of depression to OCD.
